ABSTRACT. 
entered the gel at the same rate, but once inside the T subsets migrated significantly faster than the B subsets. In the T subsets, both the T-helper and Tsuppressor cells entered the gel at the same rate, but the former migrated significantly faster once inside the gel. The biological significance of their migrations is discussed.
Although thymus-dependent (T) and Bursa-dependent (B) lymphocytes appear to cross the high endothelial venules (HEV) at similar rates (1, 2, 3, 4), their transit times through the spleen, lymph nodes and bone marrow vary considerably. T cells have a mean transit time through the spleen of 4-6 h, whereas B lymphocytes take about eight times as long. The factors responsible for this difference have not been clearly delineated. We therefore studied the migratory properties of different lymphocyte subsets with a type 1 collagen gel system that has been shown to be reproducible and easily used (5 and within levels 1 through 4 of the gel matrix. The number of cells on the surface and in each layer of the gel were determined in approx. 10 random fields. Data collected from 2 such gels were used to calculate the mean and standard deviation of the percentage of cells within the gel matrix. For ease of comparison, the percentage of lymphocytes below layer 1 in the gel was noted and defined as the "migration index".
Statistical methods.
A randomized block two-way analysis of variance (9) was used to analyze the migratory differences between the different subsets of lymphocytes.
RESULTS

Migration of T-enriched and B-enriched lymphocytes through the collagen gel.
Because peripheral blood lymphocytes consist of a heterogeneous population, no interpretation of the migratory properties of individual subsets was possible. Two methods were used to study the migratory properties of the lymphocyte subsets. 1) Indirect method: By analyzing the surface phenotype of the cells remaining in the supernatant of the gel with time we could estimate the rate at which individual subsets entered the gel. For example, if we assume that T cells enter the gel faster than B cells, we would expect that the percentage of B cells in the supernatant would rise with time. UCHT1 monoclonal antibody was used as a pan-T marker and BA1 as a pan-B marker. Results showed that the percentages of both B and T cells in the supernatant of the gel remained constant with time (Fig. 1) . This suggests that both T and B cells enter, or adhere to, the gel at the same rate.
2) Direct method: The main drawback of the indirect method is that there can be no quantification of the individual subsets at different levels within the gel. To overcome this, we fractionated the lymphocytes into T-enriched and B-enriched populations using the sheep red blood cell rosetting technique, then studied their migratory properties individually. Lymphocytes with 3 or more red blood cells were counted as positive. With this method, 70 % purity for B cells and 90 % for T cells was obtained. The purities were checked with the appropriate monoclonal antiserum. The rates of entry of these enriched populations into the gel in 6 separate experiments are shown in Fig. 2 . Both B and T cells entered the gel at the same rate. Cell viability was more than 85 % throughout the 3-day study period; but, once inside, the T cells migrated significantly faster than B cells (Fig. 3) ; p < 0.01. There was no evidence of cell aggregation or gel destruction. Inside the gel, both the T and B cells appeared spherical. No cell lysis was found throughout the study period.
Migration of T-helper and T-suppressor cells through the collagen gel. The panning technique was used to fractionate T cells into "helper" and "suppressor" subpopulations. Thier purities were checked by immunofluorescence, UCHT4 being used to label the suppressor population and OKT4 the helper population. With this technique, we obtained 85 % purity for suppressor cells and 93 % for helper cells. Cell viability was more than 80 throughout the 3-day study period. The rates of entry and the migration indices of the helper and suppressor subsets in four separate experiments are shown in Figs. 4 and 5. There was no significant difference between the two T subpopulations in terms of their rates of entry; but, once inside the gel, T helpers migrated significantly faster (p <0.05) than the T suppressors.
DISCUSSION
To our knowledge, this is the first time collagen gels have been used to study the migratory properties of the 2 major subsets of lymphocytes in vitro. They both entered the gel at the same rate which agrees with the in vivo observations of Ford (1) and of Sprent (2) . The failure of a large number of the injected B cells to reach the lymph rapidly is reflected by their slower migration through the lungs (10) and spleen (2) . Our findings provide an explanation for this slow passage of B lymphocytes, and our data provide direct evidence for what happens after cells have left the recirculation pool.
B lymphocytes are known to have a greater adherency for artificial surfaces than do T lymphocytes. For example, the common nyson wool separation procedure is based on this difference in adhesiveness. In order for cells to migrate and be propelled forwards, they must be detached from the substrate and find a new anchorage . Perhaps B lymphocytes are less capable of making this anchoring and unanchoring movement.
How do important reactions such as chemotaxis and chemokinesis control lymphocyte distribution in vivo? Because chemokinetic locomotion is influenced by molecules as ubiquitous as serum albumin, it is highly likely that the rate of active locomotion for lymphcoytes within a tissue is mainly determined by the molecules present in the environment; in the free solution or bound to the surface area over which the lymphocytes move. The locomotive behaviour of lymphocytes in contact with other cell types is relevant. For example, T lymphocytes are able to reduce the adhesiveness of B lymphocytes (11). Therefore, in the absence of T cells one would expect to find B cells migrating at a slower rate than normal. Our experiments support this supposition.
Using the panning technique, we have shown that various subpopulations of lymphocytes can be fractionated and their migratory properties analyzed individually . There is no difference in the rate of entry of T-helpers and T-suppressors into the collagen gel; but, inside the gel, the T-helpers migrate faster than the T-suppressors, and both migrate faster than their B counterparts. We know that the normal ratio of helper to suppressor cells is about 1.5; which ratio may simply be a reflection of their selective migratory properties.
Our results demonstrate that not only do human T and B lymphocytes differ in their migratory actions, but the subsets of T cells also differ from one to another in locomotive ability. Our present model does not, however, rule out the effects of such cells as dendrites, which may affect the transit of lymphocytes in various lymph organs. Further investigation of the effects of accessory cells on the migration of lymphocytes is necessary.
